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V=29.5 m/s, y/D=0.5, without grid and air vent
V=31 m/s, y/D=0.5, with grid and air vent
V=29.5m/s, Gaussian fit, without grid and air vent
V=31 m/s, Gaussian fit, with grid and air vent
  	   	 

         ﬁ 	  


    
    ! "      
   #$ "
<.
   	






   
  
     
	















  Tu    
 






   




 $%%$!  	
   && 
  
  	   	
	 	   	 	 
			     		
			   
  	
		 	 	 	







  ( )   
 	 




   ,   ) 



















   	 





• /  5 *22*!    6   
  "/  	
 

 ﬂ   Tu   
  33  3( ) 
 	
 2 +   +4
• 1
	  	 *2(7! 
  
   %, ) 
 

   *$ ) 
  




      










    1
	  	 *2(7!  
  9
   
 $3 +    
    7 )   
2
       	 ﬁ	   		 		
	  	    	  	 		     		   
	ﬁ 	 ﬀ	  	            Tu 		 
   	    Vy     		 	  
   	 		 	       	 			     
	      	  !  "    	 # 
   		 	 	  ≈ $%     		  &$ ' 
     ( ) *& +	  * '  ( ) ,$ +	 -	   .$$/"
0-1 			     	 	   	 ﬀ	  	
		 	    	   	          	
2 	
  ﬀ	  Tu  	    	       
 3 .$$."4	 		  	 	"        
  		 		  		 	   	     Tu  ,  %
'      	 	    




























  r0 	   	 67    88    ﬁ 	 		     
			  	 ﬃ 	 	  ﬁ       		
ﬃ	    :      ;   ﬁ	 		  		 α 	 		
    	     / +	 	   ﬂ 	 	    
 	    ; 	       / +	 α 	   $    	
  ﬂ    	 	 	 	  =	 	    	
   ﬁ	   	 	       ﬁ	
1  >  *&," ; 	 3 .$$."  α 	   $  
: 	   $/     : 	   ,$ +	"   	 	 	










  n ≈ !       ﬂ	" 1  >  *&," 	
    $?   !    ﬁ  	 -  > 
 ** " 		   /&  n ) ?,,   :	 (	         
 α 	  	       $  = @  $ +	   	   $ 
	   ,$ +	
   	 	  	        ; %!
;  $ A = A ,$ +	    2 	  R2 ) $*%!"5
Tu = 0.85α− 0.824 %?"
> 	  .$ A = A ,$ +	 R2 ) $*!%"5
Tu = 1.092α− 1.071 %!"
   		            ﬁ   ** '
!$


























































Kinetic energy correction factor
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V = 29.5 m/s
y/D = 0.35, Y/D = 2.8
y/D = 2.08, Y/D = 2.8
y/D = 0.35, Y/D = 9.3
y/D = 2.08, Y/D = 9.3
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TC, exponential, a = 0.10, b =7.5, r
2
 = 0.81
 SC, exponential, a = 0.07, b = 7.4, r
2
 = 0.76
 FC, exponential, a = 0.08, b = 6, r
2
 = 0.67
flat (V > 17 m/s)
D
c
/D = 16.7, t/D
c
 = 0.17 (V > 17m/s)
D
c
/D = 11, t/D
c
 = 0.25 (V > 17m/s)
D
c
/D = 5.6, t/D
c
 = 0.5 (V > 17m/s)
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V = 29.5 m/s
  fit 1
V = 27 m/s
  fit 2
V = 24.6 m/s
  fit 3
V = 22 m/s
  fit 4
V = 19.6 m/s
  fit 5
V = 17 m/s
  fit 6
  	     	
  Y/D 
 
     
 Dc/D   t/Dc 
 
 	ﬁ
   	 
  t/D ! 
  	 "#$ 






















  cubic polynomial, 4.2
Y/D = 5.6
  cubic polynomial, 5.6
Y/D = 6.9
  cubic polynomial, 6.9
Y/D = 8.3
  cubic polynomial, 8.3
Y/D = 9.3
  cubic polynomial, 9.3
Y/D > 11.4 (submerged)
  cubic polynomial, sub
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/D = 16.7, t/D
c
 = 0.17
V = 17.2 m/s
  rational (3rd/2nd), V=17.2 m/s
V = 19.6 m/s
  rational (3rd/2nd), V=19.6 m/s
V = 22.1 m/s
  rational (3rd/2nd), V=22.1 m/s
V = 24.6 m/s
  rational (4th/2nd), V=24.6 m/s
V = 27 m/s
  3rd polynomial, V=27 m/s
V = 29.5 m/s
  3rd polynomial, V=29.5 m/s













/D = 11, t/D
c
 = 0.25
V = 17.2 m/s
  rational (3rd/3rd), V=17.2 m/s
V = 19.6 m/s
  rational (2nd/2nd), V=19.6 m/s
V = 22.1 m/s
  rational (2nd/2nd), V=22.1 m/s
V = 24.6 m/s
  rational (2nd/2nd), V=24.6 m/s
V = 27 m/s
  rational (2nd/2nd), V=27 m/s
V = 29.5 m/s
  rational (3rd/3rd), V=29.5 m/s













/D = 5.5, t/D
c
 = 0.5
V = 17.2 m/s
  cubic polynomial, V=17.2 m/s
V = 19.6 m/s
  cubic polynomial, V=19.6 m/s
V = 22.1 m/s
  cubic polynomial, V=22.1 m/s
V = 24.6 m/s
  cubic polynomial, V=24.6 m/s
V = 27 m/s
  cubic polynomial, V=27 m/s
V = 29.5 m/s
  cubic polynomial, V=29.5 m/s
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/D = 16.7, t/D
c
  = 0.17
Y/D = 2.8
Y/D = 4.2
  4thD polynomial, Y/D=4.2
Y/D = 5.6
  4thD polynomial, Y/D=5.6
Y/D = 6.9
  4thD polynomial, Y/D=6.9
Y/D = 8.3
  4thD polynomial, Y/D=8.3
Y/D = 9.3
  4thD polynomial, Y/D=9.3
Y/D = sub
  4thD polynomial, Y/D=sub















 = 0.25 Y/D = 2.8
  3rd polynomial, Y/D=2.8
Y/D = 4.2
  4th polynomial, Y/D=4.2
Y/D = 5.6
  3rd polynomial, Y/D=5.6
Y/D = 6.9
  3rd polynomial, Y/D=6.9
Y/D = 8.3
  3rd polynomial, Y/D=8.3
Y/D = 9.3
  3rd polynomial, Y/D=9.3
Y/D = sub
  3rd polynomial, Y/D=sub


















  cubic polynomial, Y/D=4.2
Y/D = 5.6
  cubic polynomial, Y/D=5.6
Y/D = 6.9
  cubic polynomial, Y/D=6.9
Y/D = 8.3
  cubic polynomial, Y/D=8.3
Y/D = 9.3
  cubic polynomial, Y/D=9.3
Y/D = sub
  cubic polynomial, Y/D=sub
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Lateral evolution, shallow, Y/D = 4.1, V = 29.5 m/s, t/D
c
 = 2.8














Lateral evolution, deep, Y/D = 9.3, V = 29.5 m/s, t/D
c
 = 2.8














Depth evolution, cylindrical, Y/D = 2.8  9.3, V = 29.5 m/s, D
c
/D = 16.7
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t171, y/D = 0.35
t172, middle of I fissure
t170, end of I fissure






































input spectra MID (measured)
spectra at END (measured)
spectra at x=0 (computed)
spectra at MID (computed)





first harmonic, computed head
loss instead of measured
increase in energy
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spectra at pool y/D =0.35 (measured)
input spectra MID (measured)
spectra at END (measured)
spectra at MID (computed)


































spectra at pool y/D =0.35 (measured)
input spectra MID (measured)
spectra at END (measured)
spectra at MID (computed)
spectra at END (computed)
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t171, y/D = 0.35
t172, middle of I fissure
t170, end of I fissure





































spectra at pool y/D =0.35 (measured)
input spectra MID (measured)
spectra at END (measured)
spectra at MID (computed)






































spectra at pool y/D =0.35 (measured)
input spectra MID (measured)
spectra at END (measured)
spectra at MID (computed)
spectra at END (computed)
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t228, 25 mm from jet axis,
t169, middle of fissure
































spectra at pool y/D =0.35 (measured)
input spectra MID (measured)
spectra at END (measured)
spectra at MID (computed)
spectra at END (computed)
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